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7KH�WHUP�'1$�VHTXHQFLQJ UHIHUV�WR�VHTXHQFLQJ PHWKRGV�IRU�
GHWHUPLQLQJ� WKH� RUGHU� RI� WKH� QXFOHRWLGH EDVHV²DGHQLQH�D���
JXDQLQH�J��� F\WRVLQH�F��� DQG� WK\PLQH�W�²LQ� D� PROHFXOH� RI�
'1$�

.QRZOHGJH� RI� '1$� VHTXHQFHV� KDV� EHFRPH� LQGLVSHQVDEOH�
IRU� EDVLF� ELRORJLFDO� UHVHDUFK�� RWKHU� UHVHDUFK� EUDQFKHV�
XWLOL]LQJ�'1$� VHTXHQFLQJ�� DQG� LQ� QXPHURXV� DSSOLHG� ILHOGV�
VXFK� DV� GLDJQRVWLF�� ELRWHFKQRORJ\�� IRUHQVLF� ELRORJ\ DQG�
ELRORJLFDO� V\VWHPDWLF�� 7KH� DGYHQW� RI� '1$� VHTXHQFLQJ� KDV�
VLJQLILFDQWO\� DFFHOHUDWHG� ELRORJLFDO� UHVHDUFK� DQG� GLVFRYHU\��
7KH� VSHHG� RI� VHTXHQFLQJ� DWWDLQHG� ZLWK� PRGHUQ� '1$�
VHTXHQFLQJ� WHFKQRORJ\� KDV� EHHQ� LQVWUXPHQWDO� LQ� WKH�
VHTXHQFLQJ� RI� WKH� KXPDQ� JHQRPH�� LQ� WKH� +XPDQ� *HQRPH�
3URMHFW�� 5HODWHG� SURMHFWV�� RIWHQ� E\� VFLHQWLILF� FROODERUDWLRQ�
DFURVV� FRQWLQHQWV�� KDYH� JHQHUDWHG� WKH� FRPSOHWH� '1$�
VHTXHQFHV�RI�PDQ\�DQLPDO��SODQW��DQG�PLFURELDO�JHQRPHV >��
�@�

7KH� ILUVW� '1$� VHTXHQFHV� ZHUH� REWDLQHG� LQ� WKH�
HDUO\� ����V� E\� DFDGHPLF� UHVHDUFKHUV� XVLQJ� ODERULRXV�
PHWKRGV� EDVHG� RQ� WZR�GLPHQVLRQDO� FKURPDWRJUDSK\��
)ROORZLQJ� WKH� GHYHORSPHQW� RI� G\H�EDVHG� VHTXHQFLQJ�
PHWKRGV� ZLWK� DXWRPDWHG� DQDO\VLV�� '1$� VHTXHQFLQJ� KDV�
EHFRPH�HDVLHU�DQG�RUGHUV�RI�PDJQLWXGH�IDVWHU >���@�

$ PDVVDJH� � UHSUHVHQWLQJ� D� '1$� VHTXHQFH�� ZLWK� WKH�
FRPELQDWLRQ�RI�D� F� W� J� LV HTXLYDOHQW� WR�'1$�VHTXHQFH�RI�
WKH�RULJLQDO�GDWD��&RPSUHVVLQJ� WKH�'1$�VHTXHQFH�E\������
ELWV� HQFRGLQJ� PHWKRG�� ��� ([DFW� PDWFKLQJ� PHWKRG�� ���
$SSUR[LPDWH� PDWFKLQJ� PHWKRG�� ��� )RU� WKH� DSSUR[LPDWH�
PDWFKLQJ�PHWKRG��7KHVH FRPSUHVVLRQ� WHFKQLTXHV ZRXOG�EH
SURGXFH� HTXLYDOHQW� GLJLWDO� IRUP� RI� WKH�'1$� VHTXHQFH� DQG�
RQH�RI�SURFHGXUH�ZLOO�SURGXFH�PLQLPXP�QXPEHU�RI�ELWV >��
��@�



6DPLU�.XPDU�%DQG\RSDGK\D\ HW�DO� -RXUQDO�RI�*OREDO�5HVHDUFK�LQ�&RPSXWHU�6FLHQFH������� -DQXDU\������������

��-*5&6�������$OO�5LJKWV�5HVHUYHG ��

'$7$�+,',1*�6&+(0(

3HDU�

3HDU�

)LJXUH����)ORZ�'LDJUDP�RI�'DWD�+LGLQJ�6FKHPH

$/*25,7+0�)25�&219(57,1*�'$7$�72�'1$�
6(48(1&(�

,Q�GDWD�KLGLQJ�VFKHPH� D�OHWWHU �DOSKDEHW�RU�GLJLW��FRPSRVHG�
E\���QXFOHRWLGH� 7KH�SRVVLEOH�QXFOHRWLGHV�DUH�8��&��$��DQG�

*�� +HQFH�� WKHUH� DUH� �� ��� FRPELQDWLRQV� DYDLODEOH� WR�
UHSUHVHQWV�D� ODWWHU �7RWDO�QR��RI� OHWWHU� LV�������QR�� IRU�$�=�
���QR��IRU�D�]� ���QR��IRU����DQG���QR��IRU�6SDFH��

8 & $ *
8 888�$

88&�%
88$�&
88*�'

8&8�(
8&&�)
8&$�*
8&*�+

8$8�,
8$&�-
8$$�.
8$*�/

8*8�0
8*&�1
8*$�2
8**�3

8
&
$
*

& &88�4
&8&�5
&8$�6
&8*�7

&&8�8
&&&�9
&&$�:
&&*�;

&$8�<
&$&�=
&$$�D
&$*�E

&*8�F
&*&�G
&*$�H
&**�I

8
&
$
*

$ $88�J
$8&�K
$8$�L
$8*�M

$&8�N
$&&�O
$&$�P
$&*�Q

$$8�R
$$&�S
$$$�T
$$*�U

$*8�V
$*&�W
$*$�X
$**�Y

8
&
$
*

* *88�Z
*8&�[
*8$�\
*8*�]

*&8��
*&&��
*&$��
*&*��

*$8��
*$*��
*$$��
*$*��

**8��
**&��
**$�6SDFH
***�

8
&
$
*

)LJLUH�����'1$�VHTXHQFH�WR�$OSKD�QXPHULF�0DSSLQJ�7DEOH

'DWD ILOH

'1$�6HTXHQFH

&RPSUHVVLRQ

6HQGLQJ

'HFRPSUHVVLRQ

'1$�6HTXHQFH

'DWD ILOH

5HFHLYLQJ



9ROXPH����1R� ���-DQXDU\������

5(6($5&+�3$3(5

$YDLODEOH�2QOLQH�DW�ZZZ�MJUFV�LQIR

��-*5&6�������$OO�5LJKWV�5HVHUYHG ��

'1$�6(48(1&(�&2035(66,21

(QFRGLQJ�(GLW�2SHUDWLRQV
:H�FRQVLGHU�WKUHH�VWDQGDUG�HGLW�RSHUDWLRQV�LQ�RXU�

DSSUR[LPDWH�PDWFKLQJ�DOJRULWKP� 7KHVH�DUH�
���5HSODFH��7KLV�RSHUDWLRQ�LV�H[SUHVVHG DV��5��S��FKDU��ZKLFK�
PHDQV� UHSODFLQJ WKH� FKDUDFWHU� DW� SRVLWLRQ� S� E\ FKDUDFWHU�
FKDU�
��� ,QVHUW�� 7KLV� RSHUDWLRQ� LV� H[SUHVVHG DV� �,�� S�� FKDU��
PHDQLQJ�LQVHUWLQJ�FKDUDFWHU FKDU�DW S�
��� 'HOHWH�� 7KLV� RSHUDWLRQ� LV� ZULWWHQ� DV �'�� S��� PHDQLQJ�
GHOHWLQJ�WKH�FKDUDFWHU�DWSRVLWLRQ�S�
/HW�&�GHQRWH�³FRS\�´�WKHQ�WKH�IROORZLQJ DUH�WZR�ZD\V�WR�
FRQYHUW�WKH�VWULQJ ³JDFFWWFD´�WR�³JDFFJWFD´�YLD�GLIIHUHQW�HGLW

&�&�&�&�5�&�&�&
J�D� F�F J� W� F�D
J�D F�F W� W� F�D

RU

&�&�&�&�,�&�'�&�&
J�D� F F� J� W FD
J�D� F F W� W F� D

7KH� ILUVW� LQYROYHV� RQH� UHSODFHPHQW� RSHUDWLRQ�7KH� VHFRQG�
LQYROYHV�RQH�LQVHUWLRQ DQG�RQH�GHOHWLRQ��,W�FDQ�EH�HDVLO\�VHHQ�
WKDW WKHUH� DUH� LQILQLWHO\� PDQ\� HGLW� VHTXHQFHV� WR WUDQVIRUP�
RQH�VWULQJ�WR�DQRWKHU $�OLVW�RI�HGLW�RSHUDWLRQV�WKDW�WUDQVIRUP
D�VWULQJ�Y�WR�DQRWKHU�VWULQJ�X�LV�FDOOHG�DQ (GLW�7UDQVFULSWLRQ�
RI� WKH� WZR� VWULQJV� >�@�7KLV� ZLOO� EH� UHSUHVHQWHG� E\� DQ� HGLW�
RSHUDWLRQ VHTXHQFH� Ȝ�X�Y�� WKDW� RUGHUO\� OLVWV� WKH HGLW�
RSHUDWLRQV��)RU�H[DPSOH�� WKH�HGLW�RSHUDWLRQ VHTXHQFH�RI� WKH�
ILUVW�HGLW�WUDQVFULSWLRQ LQ�WKH�DERYH�H[DPSOH�LV
Ȝ�JDFFJWFD��JDFFWWFD�� �^�5����J�`���DQG IRU�WKH�VHFRQG�HGLW�
WUDQVFULSWLRQ� Ȝ�JDFFJWFD��JDFFWWFD�� �^�,����J���'���`�,I�ZH�
NQRZ�WKH�VWULQJ�X�DQG�DQ�HGLW�RSHUDWLRQ VHTXHQFH�Ȝ�X�Y��IURP�
Y� WR�X�� WKHQ WKH� VWULQJ�X�FDQ�EH�FRQVWUXFWHG�FRUUHFWO\ XVLQJ�
Ȝ�7KHUH�DUH�PDQ\�ZD\V�WR�HQFRGH RQH�VWULQJ�JLYHQ�DQRWKHU��
8VLQJ�WKH�DERYH H[DPSOH��ZH�GHVFULEH�IRXU�ZD\V�WR�HQFRGH
³JDFFJWFD´�XVLQJ�VWULQJ�³JDFFWWFD´�VXSSRVLQJ WKDW�WKH�VWULQJ�
³JDFFWWFD´�LV�ORFDWHG HDUOLHU�LQ�WKH�VHTXHQFH�

�����ELWV�HQFRGLQJ�PHWKRG��,Q�WKLV�FDVH�ZH�FDQ�VLPSO\�XVH���
ELWV�WR�HQFRGH�HDFK FKDUDFWHU��L�H������IRU�D�����IRU�F�����IRU�
J�� �� IRU� W�� 7KXV� ³�� ��� ��� ��� ��� ��� ��� ��´� HQFRGHV
³JDFFJWFD�´�,W�QHHGV����ELWV�LQ�WRWDO�
��� ([DFW� PDWFKLQJ� PHWKRG�:HFDQ� XVH �UHSHDW� SRVLWLRQ��
UHSHDW� OHQJWK�� WR� UHSUHVHQW DQ� H[DFW� UHSHDW�� 7KLV� ZD\�� IRU�
H[DPSOH�LI� ZH� XVH� �� ELWV� WR� HQFRGH� DQ� LQWHJHU�� � ELWV� WR�
HQFRGH�D�FKDUDFWHU��DQG�XVH���ELW�WR LQGLFDWH�LI�WKH�QH[W�SDUW�
LV� D� SDLU� �LQGLFDWLQJ DQ� H[DFW� UHSHDW�� RU� D� SODLQ� FKDUDFWHU�
WKHQ� WKH� VWULQJ� ³JDFFJWFD´� FDQ� EH� HQFRGHG DV� ^�������
J������`�� UHODWLYH� WR�³JDFFWWFD�´ 7KXV��D����ELW�ELQDU\�VWULQJ�
³����������� ������������´�LV�UHTXLUHG�WR�HQFRGH�WKH ^�������
J������`�

��� $SSUR[LPDWH� PDWFKLQJ� PHWKRG�� ,Q WKLV� FDVH�� WKH� VWULQJ�
³JDFFJWFD´�FDQ�EH�HQFRGHG DV�^�������5����J�`��RU�³����������
����������´�LQ�ELQDU\��ZLWK�5�HQFRGHG�E\ ����,�HQFRGHG�E\�
����DQG'HQFRGHG�E\�����DQG�����LQGLFDWLQJ�ZKHWKHU�WKH�QH[W�
LWHP�LV D�GRXEOHWRQ�RU�WULSOH��$�WRWDO�RI����ELWV�LV QHHGHG�
���)RU�WKH�DSSUR[LPDWH�PDWFKLQJ PHWKRG��LI�ZH�XVH�WKH�HGLW�
RSHUDWLRQ� VHTXHQFH� WKHQ� WKH� VWULQJ� ³JDFFJWFD´� FDQ� EH
HQFRGHG�DV�^�������,����J���'���`��RU�³� ��������������������
���� ����´�LQ�WRWDO��� ELWV�

&�3URJUDP�IRU�'1$�6HTXHQFH�&RPSUHVVLRQ
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)LJXUH��� 2ULJLQDO�EDERRQ�LPDJH

)LJXUH����%DERRQ�DIWHU�DSSO\LQJ�WKH�SURSRVHG�VFKHPH

&21&/86,21

7KLV�SDSHU� LQWURGXFHG LQIRUPDWLRQ�KLGLQJ VFKHPH�EDVHG�RQ
'1$� VHTXHQFH� WHFKQLTXH�� ,Q� WKLV� SDSHU� LQLWLDOO\� GDWD� KDV�
EHHQ� FRQYHUWHG� LQWR� '1$� VHTXHQFH� WKHQ� FRPSUHVVHG WKH�
'1$�VHTXHQFH��)RXU�FRPSUHVVLRQ�WHFKQLTXH�KDV�EHHQ�XVHG��
RQH� RI� WKH� RSWLRQ� ZLOO� SURGXFHV� EHWWHU� FRPSUHVVLRQ�
GHSHQGLQJ� XSRQ� WKH� '1$� VHTXHQFH�� $OVR� GHFRPSUHVVLRQ�
DOJRULWKP�KDV�EHHQ�GHYHORSHG�WR�JHW�WKH�RULJLQDO�GDWD�

5()(5(1&(6

>�@�%��$OEHUWV��'��%UD\��-��/HZLV��0��5DII��.��5REHUWV��-�'��
:DWVRQ�� 0ROHFXODU� %LRORJ\� RI� WKH� &HOO�� *DUODQG�
3XEOLVKLQJ��1HZ�<RUN�	�/RQGRQ�������

>�@�$��$SRVWROLFR��'��%UHVODXHU�� =��*DOLO��2SWLPDO� SDUDOOHO�
DOJRULWKPV� IRU� SHULRGV�� SDOLQGURPHV� DQG� VTXDUHV�� LQ��
3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� &ROORTXLXP RQ�
$XWRPDWD�� /DQJXDJHV�� DQG� 3URJUDPPLQJ�� ������ SS��
���±����

>�@�$��$SRVWROLFR��'��%UHVODXHU��=��*DOLO��3DUDOOHO�GHWHFWLRQ�
RI� DOO� SDOLQGURPHV� LQ� D� VWULQJ�� 7KHRUHWLFDO� &RPSXWHU�
6FLHQFH���������������±����

>�@� '�� %UHVODXHU�� =�� *DOLO�� )LQGLQJ� DOO� SHULRGV� DQG� LQLWLDO�
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>�@�&�&��&KDQJ��&�&��/LQ��&�6��7VHQJ��:�/��7DL��5HYHUVLEOH�
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6FLHQFHV����������������±�����

>�@� &�&�� &KDQJ�� 7�&�� /X�� <�)�� &KDQJ�� 5�&�7�� /HH��
5HYHUVLEOH� GDWD� KLGLQJ� VFKHPHV� IRU� GHR[\ULERQXFOHLF�
DFLG �'1$�� PHGLXP�� ,QWHUQDWLRQDO� -RXUQDO� RI�
,QQRYDWLYH &RPSXWLQJ�� ,QIRUPDWLRQ� DQG� &RQWURO� ��
��������±���

>�@� &�&�� &KDQJ�� :�&�� :X�� <�+�� &KHQ�� -RLQW� FRGLQJ� DQG�
HPEHGGLQJ� WHFKQLTXHV� IRU� PXOWLPHGLD� LPDJHV��
,QIRUPDWLRQ�6FLHQFHV����������������±�����

>�@�&�7��&OHOODQG��9��5LVFD��&��%DQFURIW��+LGLQJ�PHVVDJHV�LQ�
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>�@� 0�� &URFKHPRUH�� :�� 5\WWHU�� -HZHOV� RI� 6WULQJRORJ\��
:RUOG�6FLHQWLILF�������
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